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Method and Arrangement for Checking 
the Tightness of a Vessel 
Background of the Invention 

To check the tightness of a fluid-filled vessel, the 
vessel is charged with an underpressure or an overpressure. 
The vessel can, for example, be part of a tank system of a 
motor vehicle having an internal combustion engine. In the 
event that a leakage is present, fluid flows through the 
locations of non- tightness to the vessel or out of the vessel 
whereby the underpressure or overpressure is reduced. This 
underpressure reduction or overpressure reduction functions as 
an index for the size of the leak. 

For example, in the tank system of a motor vehicle having 
an internal combustion engine, a mixture, especially of fuel 
vapor and air, is drawn from the tank-venting system by suction 
because of an underpressure in an intake manifold of the 
engine. For this purpose, a tank-venting valve is opened 
between the intake manifold and the tank system. To prevent 
fresh air from flowing after into the tank system, a fresh air 
feed line of the tank system is closed by a check valve. The 
tank-venting valve is thereupon closed and the underpressure in 
the tank system is detected by a pressure sensor mounted in the 
tank system. In the event a leakage is present in the tank 
system, ambient air can flow into the tank system which leads 
to a reduction of underpressure. 

A method for checking tightness of a tank system of a 
vehicle is disclosed in United States Patent 6,460,518. In 
this method, the underpressure is built up by means of a pump. 

Elastic components of the tank system and especially the 



tank itself can be deformed because of the underpressure or 
overpressure whereby the underpressure or overpressure is 
reduced in the tank system. This operation is characterized 
also as a creep operation and takes place only once for each 
component during an underpressure build up or overpressure 
build up. 

With a build up of the underpressure, a part of the fluid 
disposed in the vessel (especially of a fuel) passes from the 
liquid phase into the gaseous phase in order to compensate for 
the quantity drawn off in the gaseous phase. The outgassing 
likewise leads to a reduction of underpressure. The outgassing 
reduces with increasing vaporized fluid quantity up to reaching 
a pressure equilibrium. This outgassing takes place in 
dependence upon a fluid vapor pressure and a partial pressure 
of the gaseous fluid. 

When charging the vessel filled with the fluid with an 
underpressure or overpressure, the outgassing or condensation 
of the fluid disposed in the vessel and/or the deformation of 
elastic components of the vessel lead to a reduction of the 
underpressure or overpressure whereby the accuracy of the 
tightness check is limited. 
Summary of the Invention 

It is an object of the invention to provide a method and 
an arrangement for checking the tightness of a vessel 
especially of a tank-venting system of a motor vehicle having 
an internal combustion engine. In the method and arrangement, 
the influence of the elasticity of the components of the vessel 
and/or of the outgassing of a liquid fluid which is disposed in 
the vessel or a condensation of a gas or gas mixture disposed 
in the vessel on an underpressure or an overpressure in the 



vessel is so reduced that, independently upon the sequence of 
physical and/or chemical processes, a leakage of the vessel is 
detectable with great reliability and the size of the leakage 
can be determined with great accuracy. 

According to the invention, the vessel is charged by a 
pressure source with a pregiven constant underpressure or 
overpressure. The pressure source is controlled so that, for a 
leakage, an air mass flow, which is constant in average, is 
adjusted through the leak. In order to maintain the 
underpressure or overpressure constant, the pressure source is 
charged with an actuating quantity constant on the average. 
The size of the leak can be computed from the actuating 
quantity. 

The method of the invention for checking the tightness "of 
a vessel (especially of a tank system and tank-venting system 
of a motor vehicle having an internal combustion engine) 
provides that the gas mass flow to reach a constant 
underpressure or overpressure is controlled and, in the case 
that a gas mass flow constant on the average is adjusted, which 
is greater than a pregiven limit value, a conclusion as to a 
leakage can be drawn. In the method, each supply and discharge 
to the vessel is blocked and the vessel is charged with a 
pregiven underpressure or overpressure relative to atmospheric 
pressure and the underpressure or overpressure and a first 
signal are detected. This signal characterizes the gas mass 
flow required for this and especially an air mass flow. It is 
advantageous here that a constant gas mass flow adjusts only 
when there is a leak because the gas mass flow for maintaining 
the underpressure or overpressure must be continuously 
readjusted. The underpressure reduction because of the 



outgassing and/or a deformation (especially a shrinkage of 
elastic components of the vessel, especially of a tank) or of 
the overpressure reduction because of the condensation of the 
gas or gas mixture and/or an expansion of the elastic 
components of the vessel reduces with time. In order to not 
diagnose a slight pressure reduction (because of a slight 
outgassing or slight condensation) erroneously as a leak, it is 
advantageous to only draw a conclusion as to a leak when the 
constant gas mass flow is greater than the limit value. 

This limit value is advantageously pregiven in dependence 
upon the elasticity of the vessel and/or of the residual 
vaporization of the fluid or the residual condensation of the 
gas in the vessel whereby the accuracy of the tightness check 
is significantly increased. 

Advantageously, the pumping or conveying power of a 
pressure source anyway already available is readjusted to 
maintain the underpressure or overpressure. 

In a vessel having a venting valve, especially having a 
tank-venting valve, in a connection to an intake manifold, 
especially of an internal combustion engine, the underpressure 
can be advantageously controlled very easily by a change of the 
passthrough of the venting valve and a conclusion can be drawn 
from an actuating quantity as to a leakage or the size thereof 
can be computed. The venting valve is charged with this 
ac tua t ing quant i ty . 

The arrangement of the invention provides that the 
pressure source can be controlled for maintaining a pregiven 
underpressure or overpressure, which is constant on 
average, and that the size of the leak can be computed from the 
actuating quantity with which the pressure source can be 



charged for the control. With the use of a controllable 
pressure source, it is possible to maintain the underpressure 
or overpressure constant independently of the outgassing or of 
the condensation and/or of the elasticity of the components of 
the vessel. 

The pressure source is preferably controlled by a control 
unit, especially by an engine control apparatus anyway 
available whereby additional components are unnecessary. 

Advantageously, the pressure source is an 
electromagnetically driven pump. The pump current of the pump 
can be very easily determined as an actuating quantity. 
Brief Description of the Drawings 

The invention will now be described with reference to the 
drawings wherein: 

FIG. 1 is a schematic of a first embodiment of a tank 
system having an underpressure pump which is used in the method 
of the invention; 

FIG. 2 is a schematic of a second embodiment of another 
tank system having a tank-venting valve which is utilized in 
the method of the invention; and, 

FIG. 3 is a sequence diagram of a tightness check in a 
tank system of FIGS. 1 or 2 . 

Description of the Preferred Embodiments of the Invention 

The method of the invention is described hereinafter with 
respect to the tank systems shown in FIGS . 1 and 2 . The tank 
system has a tank 10 in a motor vehicle having an internal 
combustion engine. The method is not limited to a tank 10 of a 
motor vehicle; rather, the invention can be applied for a 
tightness check in any desired vessel or tank system for 
various fluids, especially fuels and especially tank-venting 



systems of tank systems in different areas, for example, in 
vessels utilized in the chemical industry. 

The tank 10 shown schematically in FIG. 1 is to be checked 
with respect to tightness. The tank 10 includes a fresh-air 
supply channel 40 wherein a controllable check valve 50 is 
mounted. Fresh air can flow to the tank 10 in the direction of 
arrow 45 through this fresh-air supply channel 40. 
Furthermore, the tank 10 includes a discharge channel 20 
wherein an electromagnet ically driven underpressure pump 3 0 is 
mounted. In lieu of the pump 30, a mechanically and/or 
hydraulically operated underpressure source can, for example, 
be provided. 

With the pump 30, a gas mixture can be drawn by suction in 
the direction of arrow 2 5 from the tank 10 and through the 
discharge channel 20. The pump 30 can be driven and 
controlled by a control unit 70 (especially an engine control 
apparatus) via a control line 35. The check valve 50 can be 
controlled by the control unit 70 via a control line 55 to open 
and close. 

Furthermore, the tank 10 includes a pressure sensor 60 
with which the pressure in the tank 10 can be detected. The 
pressure sensor 60 can be mounted also at another location in 
the tank system at which the same pressure is present. A 
signal of the pressure sensor 60 is transmitted to the control 
unit 70 via a signal line 65. 

In lieu of with the pressure sensor 60, the pressure can 
be determined, for example, from any operating quantity of the 
tank system and/or of the pump 3 0 which characterizes the 
pressure sensor . 

As shown by way of example in FIG. 1, the tank 10 is 



filled at least partially with fuel 11. The gas mixture 12 is 
disposed above the fuel 11. The gas mixture 12 includes 
especially fuel vapor and air. The tank 10 can also be filled 
exclusively with the gas mixture 12. 

In a second embodiment shown in FIG. 2, those elements, 
which are described in FIG. 1 with respect to the first 
embodiment and are identical, are provided with the same 
reference numerals so that reference to the description thereof 
is made hereinafter. This embodiment is different from the 
first embodiment in that a controllable tank-venting valve 30' 
is provided in lieu of the pump 30. With the tank-venting 
valve 30' , a gas mass flow through the discharge channel 20 can 
be controlled. The discharge channel 20 is connected to an 
intake manifold (not shown) of the internal combustion engine. 
During operation of the engine, the gas mixture 12 is drawn by 
suction from the tank 10 in the direction of arrow 2 5 via the 
underpressure in the intake manifold with the tank-venting 
valve 30' being open at least partially. 

An underpressure builds up in the tank system, especially 
in the tank 10, when the check valve 50 is closed and the gas 
mixture 12 is drawn off by suction through the discharge 
channel 2 0 by the pump 3 0 (FIG. 1) or via an opening of the 
tank-venting valve 30' (FIG. 2). 

The method is started with step 2 00 as shown in FIG. 3 in 
order to carry out the tightness check of the invention. 

At the start, the check valve 50 is closed in step 210 so 
that the fresh-air supply channel 40 is blocked and no fresh 
air can flow into the tank 10. Thereafter, the control of the 
underpressure in tank 10 takes place in step 220. For this 
purpose, the pump 30 or the tank-venting valve 30' is driven 



and the underpressure in tank 10 is built up. The pump 30 is 
driven as described in connection with FIG. 1 and the 
tank-venting valve 30* is driven as described with respect 
to FIG. 2. The underpressure is controlled to a pregiven 
constant value which can be pregiven, for example, by the 
manufacturer . 

With this control operation, an underpressure reduction 
because of an outgassing of the fuel 11 and/or because of a 
deformation (for example, by a shrinkage of elastic components 
of the tank system) is compensated. A reduction of the gas 
mass flow takes place therefore as a function of time and this 
can be detected because of a drop in the pumping capacity of 
the pump 30, which is necessary to maintain the underpressure, 
or by a reduction of the passthrough of the tank-venting 
valve 30 1 . 

If a leak is in the tank system, then an air mass flow, 
which is constant in average, settles in through the leak 
because of the constant-controlled underpressure as soon as the 
outgassing of the fuel 11 is almost ended. A residual 
vaporization of the fuel 11 makes only a slight contribution to 
the underpressure reduction. 

The elastic components do not shrink any further so that, 
in this way, no further underpressure reduction takes place. 
The gas mass flow through the discharge channel 2 0 is 
essentially the constant air mass flow in the steady state 
condition . 

The pump 3 0 or the tank-venting valve 30' are driven by an 
actuating quantity, which is constant in average, in the steady 
state. This actuating quantity is determined in a manner known 
per se in the control unit 7 0 from a signal for the pressure in 
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the tank 10 which was determined with the pressure sensor 60. 
The actuating quantity is, for example, the pumping current. 
The actuating quantity can, however, also be an rpm or the 
like. An electromagnetically driven tank-venting valve 30' 
can, for example, be driven in a clocked manner. The clock 
frequency is then the actuating quantity. 

In step 23 0, a check is made as to whether the gas mass 
flow is greater than a pregivable limit value which was 
previously experimentally determined and is, for example, given 
by the manufacturer and which is characteristic for the 
physical and/or chemical characteristics of the tank system or 
of the fuel 11, for example, characteristic for the residual 
vaporization of the fuel 11. If the gas mass flow is not 
greater than the pregiven limit value, then a conclusion can be 
drawn in step 240 that no leak is present, that is, especially 
no air can flow in from the ambient through a leak. 
Thereafter, the method is ended in step 280. 

In contrast, if it is determined in step 230 that the gas 
mass flow is greater than the pregiven limit value, then a 
conclusion is drawn in step 250 that leakage is present. 
Thereupon, in step 260, the size of the leak is computed from 
the actuating quantity determined in step 220. 

The computed size of the leak is transmitted in step 270 
to an output unit (not shown) or to the control unit 70. 

Thereafter, the method is ended in step 280. 

In lieu of an underpressure, an overpressure can be built 
up in tank 10. For this purpose, appropriate overpressure 
sources are required in lieu of the pump 3 0 or of the tank- 
venting valve 30'. In lieu of the outgassing, a condensation 
of the gas mixture 12 can then be compensated. 



It is understood that the foregoing description is that of 
the preferred embodiments of the invention and that various 
changes and modifications may be made thereto without departing 
from the spirit and scope of the invention as defined in the 
appended claims. 
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